The role of ceramides 1 and 2 in the stratum corneum lipid organisation.
A mixture of ceramide 1 and ceramide 2 (CER(1 + 2)) was isolated from pig stratum corneum and mixed in various molar ratios with cholesterol (CHOL) or with CHOL and palmitic acid (PA). The mixtures were hydrated in a buffer solution of pH 5.0 and their phase behaviour was studied by wide- and small-angle X-ray diffraction. The small-angle diffraction curve of the CHOL/CER(1 + 2) mixture at a molar ratio of 0.4 revealed the presence of only one peak at a spacing of 6.7 nm. Increasing the amount of CHOL to a molar ratio of 0.6 was accompanied by a shift of this peak to a smaller spacing (5.7 nm) and the appearance of two weak peaks at 11.8 and 4.1 nm spacings. Increasing the CHOL content to an equimolar ratio resulted in the appearance of two lamellar phases with periodicities of 5.5 and 12 nm, respectively. In a CHOL/CER(1 + 2) mixture at a molar ratio of 2 the periodicities of the two phases were 5.6 and 12 nm, respectively. From these observations it was concluded that the CHOL/CER(1 + 2) mixtures exerted similar phase behaviour, as reported earlier for intact SC (Bouwstra et al. (1995) J. Lipid Res. 36, 496-504) and for mixtures (Bouwstra et al. (1996) J. Lipid Res., in press) prepared from CHOL and total ceramide fraction (CER) isolated from pig stratum corneum. However, in the CHOL/CER mixtures a lower relative amount of CHOL was required to acquire these lamellar phases, indicating that at low CHOL contents, CER 3, 4, 5 and 6 play a crucial role in the formation of the lamellar phases. Furthermore, the solubility of CHOL in the mixtures increased in the presence of CER 1, suggesting its important role for the barrier function of the skin. When palmitic acid (PA) was included, the phase behaviour of the CHOL/CER(1 + 2)/PA mixture was more complex. Next to two lamellar phases, an additional phase with a spacing of 3.77 nm was observed, never seen in intact stratum corneum. In the absence of CHOL, the wide-angle diffraction pattern of the CER(1 + 2) revealed one sharp reflection at 0.456 nm and two diffuse reflections at 0.430, 0.417 nm and 0.395 nm, indicating the presence of a crystalline sublattice. In an equimolar mixture of CHOL/CER(1 + 2) no sharp 0.456 nm reflection was observed indicating a more disordered packing. Furthermore, phase separation of CHOL occurred, this conclusion is based on the presence of reflections corresponding to polycrystalline cholesterol monohydrate. These findings indicate that the lateral packing of mixtures of CHOL/CER(1 + 2) is more complex than that of the CHOL/CER mixtures that reveals a hexagonal lateral packing.